We present the design, fabrication and characterization of long-range surface plasmon polariton waveguide arrays with materials, mainly silicones, carefully selected with the aim to be used as mechanically flexible single-mode optical interconnections, the socalled "plasmonic arc" working at 1.55µm. The fabricated plasmonic arcs show a TM/TE polarization ratio of ~25 dB. By using the cut-back method, the straight propagation loss at 1.55µm is estimated to 0.5-1 dB/mm and coupling loss to ~1-2 dB/facet after dicing. In the free-standing S-curved configuration, the bending loss of single cladding plasmonic arc is 2.2-2.8 dB/90° at bending radius 2.5 mm. For double cladding plasmonic arcs, it is decreased to 0.7-1.7 dB/90° for the same radius. The coupling loss with single-mode glass PCB waveguides is estimated to be 1.7 dB/interface in the best condition. 
Introduction
Plasmonics offer a great potential in the field photonic integrated circuits [1] and propose a large variety of structures for passive or active functionalities. In this work, the long-range surface plasmon polariton waveguide (LRSPPW) is developed with the aim to offer a transmission line interfacing chips and boards in data centers or high performance computers (HPC) applications, where lower power consumption, higher speed and lower cost technologies are needed. The LRSPPW concept invented in the early 80s [2, 3] has been demonstrated with different polymers as the dielectric cladding material. A review on LRSPP has been published by Berini [3] . They do not offer so tight confinement of the electric field as some other types of plasmonic waveguide, but for sufficiently thin metal, the losses are reduced dramatically, showing propagation lengths in the millimeter range [4] . Conveniently, the LRSPP mode can be excited directly by end-fire coupling and the field distribution can be adjusted to that of a single-mode fiber by varying the strip width and thickness. The pitch of the LRSPPW arrays can reach 100µm or less. This attractive feature promotes their application in integrated optical devices and interconnects with a high density of channels to be interconnected with arrays of VCSELs or photodiodes. Another remarkable advantage of plasmonics is that the metal supporting the surface plasmon can also serve as electric wiring in parallel with its optical waveguide function, leading to the demonstration of active plasmonic devices like modulators and interferometers [5] [6] [7] . In this respect thermo-optic inline extinction modulator based on LRSPPW have been demonstrated [8, 9] .
To be able to realize short-distance single-mode interconnectors in optical boards, for example chip-to-chip or chip-to-board interfaces in narrow spaces, a mechanically flexible, shapeable waveguide technology is a very attractive approach which is currently addressed by polymer waveguides [10, 11] . Provided that they could reach the same level of optical loss, LRSPPW could offer an interesting alternative to polymer waveguides and not only for passive devices. Different kinds of bend configuration of LRSPPWs have been experimented, either in-plane [12, 13] or out-of-plane bend, implying a flexible characteristic of the waveguides. Flexible self-supported free-standing LRSPPW have been developed experimentally by a research group in Korea [14] [15] [16] [17] [18] [19] and they demonstrated their capability for chip-to-chip interconnection between VCSEL and photodiode at λ = 1.3 µm [20] . Here we designate them as "plasmonic arcs". In this work we examine the potential of several commercial polymer materials to make a stable, resistant, flexible, free-standing plasmonic arc operating as single-mode interconnect at 1550 nm telecom wavelength, a wavelength at which polymers generally have much higher absorption. We develop a fabrication method based on the plasma etching of a gold film with a lithography mask. We fabricate 100µm pitch plasmonic arc arrays made with two selected materials and study their propagation loss and bending loss at 1550 nm. Finally we measure coupling loss with glass waveguide which are used as optical printed circuit board (OPCB) components.
Design
The simplest LRSPPW has a single-cladding structure (shown in Fig. 1(a) ) consisting of a very thin metal strip (width w, thickness t) embedded in a dielectric medium of uniform refractive index. As the electric field is strongly attenuated in the metal, with sufficiently thin metal, most of the energy of the mode will propagate in the lossless surrounding dielectric ( Fig. 1(b) ), thus leading to a low propagation loss. The metal used throughout this study was gold, usually preferred over silver for its long-term environmental stability. In our design, the thickness of gold strip is 15 nm, which ensures both good confinement of the electric field and desirable propagation length. The propagation loss of SPPs can be effectively reduced by decreasing the thickness of the gold strip, due to reduced ohmic loss in the metal [3] . However, in practice metal layers with thickness lower than ~15 nm are less homogeneous, approaching the percolation limit of the film [21] . There are many channels of losses other than the fundamental absorption of the metal, and in particular scattering losses from imperfect edges and surface roughness of the metal strip. This makes the actual propagation loss higher than expected from simulation for very thin metal strips [22] . In addition, a minimum thickness limit is preferred in practice to obtain acceptable thickness control with the quartz crystal microbalance used for the measurement. The actual thickness was in the 15-20 nm range throughout the experiments Beyond the single cladding configuration, more advanced structures have been proposed to improve the performance, in particular the multilayer and dual-core structures [15, 18, 19, 23] , which were introduced to obtain lower out-of-plane bending loss than the single cladding one. Other types of structures have been proposed (not represented here) comprising asymmetric structures where a thin dielectric layer deposited on one side of the metal is expected to increase the propagation length [24] .
Material selection for the flexible claddings
To make the plasmonic arc at low cost, bendable polymer materials were selected on the basis of various criteria, such as mechanical performance, environmental stability, processability and optical properties in the telecom wavelength range. The material should form smooth films in the thickness range of micrometers to tens of micrometers and be compatible with the processes and chemicals utilized in the microfabrication steps (lithography, etching, lift-off) of the metal strip, with a particular care on the adhesion at the metal -polymer interfaces, to avoid the introduction of any gap due to the low adherence energy of gold. Its refractive index should also be tunable to realize multiple-layer configurations, where a Δn/n in the range 0.1-1% is needed. In addition, the materials used for the different layers of these configurations should be matched in terms of strain susceptibility under bending.
Polymer materials used in waveguide fabrication include different families: polystyrenes, polycarbonates, polyacrylates, polyimides, epoxy resins, silicones (siloxanes), sol-gels, inorganic/organic hybrids like ormocer and many other specific polymer materials, very often integrating fluorine substituents for higher transparency at telecom wavelengths. In our case, all the requirements qualify transparent elastomers like silicones (polysiloxanes) as excellent candidates. To assure stability a high degree of cross-linking of the polymer is desired. It is realized either by thermal cure or UV cure, or both. Table 1 lists a few available polymer materials commonly used for the fabrication of waveguides at 1.55 µm and at the end of the table the three materials tested in this work, where the materials provided by Momentive are research grades, thus a composition under development. Many other optical polymers of potential interest have been reported in the literature [25, 26] . Elastic modulus values found in the literature and often coming from tensile loading tests can be compared for a prime and simple evaluation of flexibility. They range from a few thousand MPa for common polymers like PMMA, SU-8 or BCB, to 0.3-0.9 MPa for an elastomer like PDMS. In order to get good flexibility down to 1-2 mm radius of curvature with limited internal stress of the film, we estimate that the modulus should not exceed a few tens of MPa. Some materials like Ormocer can have this modulus varied over several decades depending on specific formulation conditions. In the fourth column of Table 1 , we give a rough assessment of flexibility based on our experiments. The refractive index at 1.55 µm is also listed, based on either literature or manufacturer data. The ranged values in the table reflect the possibility of adjusting the refractive index as most of the materials listed are supplied in different grades of index, and these can be blended to allow for a controlled index tuning. Very few data can be found for the imaginary part k or material's absorption coefficient. The materials we have tested have very low absorption and k was neglected in our computations. The literature's best propagation loss values of respectively polymer waveguides and LRSPPW summarized in the table allow us to make a comparison between the purely photonic and the plasmonic waveguides for the same 1.55µm excitation and single-mode condition. Most often a dramatic increase of the propagation loss is observed when the wavelength changes from 1.31 to 1.55 µm, like for example with EpoCore: 0.49 and 2.23 dB/cm respectively at 1.31 and 1.55 µm [27] . This is most probably due to higher absorption of many polymers at 1.55 µm. [14] 1.4 [34] Exguide The acrylate family declined for wave-guiding is rich and halogenated acrylate can provide losses as low as 0.2 dB/cm at 1.55 µm for photonic waveguides and be made environmentally stable [25] . ZPU12 and ZPU13 are fluorinated acrylate UV-curable epoxy resins from company Chemoptics; they have been used to produce LRSPPW [34] and photonic polymer waveguide [14] which both exhibit low propagation loss at 1.55 µm (1.4 and 0.35 dB/cm respectively). SU-8 and BCB have the disadvantage of having limited flexibility, with their elasticity modulus lying in the 2-5 GPa range. In addition, their absorption loss at 1.55 µm is relatively high compared to other polymers due to absorption bands in this range with a k value estimated to ~1e −5 at 1.55 µm for cross-linked SU-8.
Nevertheless we fabricated LRSPPW with SU-8 and have measured a ~5 dB/cm propagation loss. Ormocer or Epocore / Epoclad could be interesting choices but their film flexibility has to be investigated. PDMS is also an option with report of the propagation loss of ~0.027 dB/cm for its multimode photonic waveguides at 850 nm, but PDMS possesses an absorption band at ~1500 nm which reduces its potential at telecom wavelength [35] with a k value estimated to be ~0.07. In addition problems of poor adhesion with gold have been reported for this material, as well as problems of compatibility with the lithography process used for producing the metal waveguides [36] . Exguide FOWG from Korean company Chemoptics is an ethylene-oxide and acrylate based copolymer including fluorinated styrene groups. It has excellent elastomeric properties and thermal stability (stable up to 270°C), and was our initial choice because of the excellent performances reported for plasmonic arcs operated at 1.31µm, in particular a propagation loss below 1 dB/cm [18] and low bending losses [15, 19] . We remark that no loss data can be found in the literature for FOWG-based LRSPPW at 1.55µm. It is also noticeable that FOWG was preferred over ZPU for bending studies. We tested a fabrication method for FOWG based on the indications this group has published (see section 4 below). In conclusion, among the polymers listed, we select the last three as the most suitable for flexible plasmonic arc interconnects applications.
We fabricated FOWG films with material grades FOWG-115 and 116 using the following procedure. Before spin-coating it was found necessary to use an adhesion promoter to get a correct wetting of a Si wafer. After spin-coating, cross-linking is achieved by UV-curing under inert atmosphere. The films are exposed for at least 20 min to the diffusive light of a UV lamp in an argon purged glove box. It was found difficult to produce correctly cured, smooth and robust film if all these specific conditions were not respected.
Lightlink possesses a silsesquioxane backbone. It has been used to produce photonic polymer waveguides with a loss of 0.05 dB/cm at λ = 850 nm [37] . It is now commercially available in different grades, either thermal cure or UV cure from Microchem. In this work Lightlink films were made with grade XH-100145 which was chosen for its simpler thermal cure process. Lightlink films are easily formed by spin coating (1500 rpm for 5 µm thickness) and 90 °C + 160 °C baking steps. Multiple layers can be added on top of each other following the same process in order to reach the desired cladding thickness.
Momentive Performance Materials GmbH (Germany) provided two grades of research materials MPM526A&B allowing tuning the refractive index of the material blend. The blend could be cured by UV irradiation + a thermal treatment. Nice homogeneous and resistant flexible films were obtained. The thickness ranges were different for the prepared material compositions. To obtain the desired thicknesses, the spin-coating spin speed was adjusted and in the cases where a single coating was too thin, double layers of the same were realized.
Plasmonic arc fabrication
For Lightlink or MPM526A&B, we developed a fabrication method for plasmonic arcs based on optical lithography and plasma etching of gold. The cured films made of those two materials were able to withstand etching without being affected too strongly, contrary to Chemoptics's FOWG, composed of ethylene-oxide and acrylate copolymers. The initial FOWG film quality was lost after etching, hindering the finalization of the waveguides. The siloxane nature, with the presence of the heavier Si atoms in Lightlink and in the MPM526A&B blends used is the most probable explanation of this difference of etching behavior. In the case of FOWG a lift-off method is employed to pattern the gold stripes. The lift-off approach is still possible for the siloxane polymers but overall the etching process was found better than lift-off.
Our process flow is summarized in Fig. 2 . In a first step, a 4-30 nm thick gold film is deposited onto the substrate, acting as an adhesion control layer needed for easy peel off the film in the end. After coating the bottom polymer cladding, a surface silane-thiol treatment is performed to enhance the adhesion of gold on the cladding. Then 15 nm gold is deposited by thermal evaporation. A photoresist AZ MiR 701 is coated on top of gold and structured by UV lithography with the waveguide mask. Argon sputter etching of gold is then realized in an Oxford Plasmalab 100 RIE-ICP tool. In the next step, what remains from the photoresist mask after etching is dissolved in the appropriate remover and oxygen plasma. A second surface treatment is applied to enhance the adhesion before the deposition of the top cladding. Cleaving the silicon supporting the polymer film was the simplest method we have used to obtain the coupling facets. In this process a tiny scratch is first engraved at the desired coordinate. The substrate is cleaved by applying pressure in this location but it does not break the flexible polymer at this time. The fracture of the polymer is then obtained by bending the two silicon parts at an acute angle which eventually achieves breaking the polymer film apart. This is eased by the fact that the polymer adheres well to the silicon and is held tightly during this process. The drawback of this method is that the fracture line in the polymer does not follow exactly the fracture line of the silicon and that the gold stripes might be damaged close to the fracture. This is why dicing is recommended in order to get perpendicular facet aligned with the Si fracture plane. In the final step the flexible plasmonic arc is obtained by detaching the film from the substrate, without affecting its integrity due to the gold layer atop the silicon. In the initial tests done without silane treatment, plasmon propagation was rather poor and hardly reproducible. This was due to air gaps trapped at the gold/polymer interfaces resulting from poor adherence between these two materials. Gaps induce a loss of symmetry of refractive index around the gold strip that is detrimental to plasmon propagation. To avoid this we introduced the two additional surface functionalization steps, one immediately prior to Au evaporation and the other one immediately before coating the top cladding. The functionalization process developed consists of a surface activation step with oxygen plasma followed by spin-coating a solution of a bifunctional molecular linker, namely 3-mercaptopropyltrimethoxysilane (3-MPS), a molecule with a silane group to anchor to Sicontaining materials and a thiol group prone to bind to gold atoms. The product used was either 3-MPS purchased from Sigma-Aldrich or A-Link TM 189 silane from Momentive, dissolved in absolute ethanol at 1 mM concentration. Samples are then baked at 110 °C on a hotplate to finalize the bonding. This achieves a resistant and stable linkage between the polymer matrix and the gold surface atoms. Samples fabricated with chemical functionalization steps present a plasmon mode of much better shape and size, have lower optical losses and show more reproducibility. The absence of air gaps is confirmed by SEM imaging (Fig. 3) . The molecular linker approach (silanization) used successfully for the siloxane-containing MPM526A&B blends and LightLink polymer does not work with FOWG, due to the fact that the silane process is not compatible with the lift-off process and that only a lift-off process was appropriate for FOWG films. Therefore, only the results of the first two materials are presented in the following.
The fabrication method was also extended to the multiple cladding configurations without major modifications of the process flow. We fabricated core and cladding plasmonic arcs by using different blends the MPM526A&B materials to obtain the different refractive index desired for each layer. The spin coating speed of the material mixtures were adjusted in order to get ~20 µm thickness for the outer cladding and ~4µm for the two layers constituting the ~8 µm thick core that is embedding the gold strip. More details of the fabricated samples are presented in section 7.
Losses of the standalone waveguides
To excite the LRSPP mode, we inject light at 1.55 µm from an ASE source through a singlemode fiber (SMF-28) into the waveguides by end-fire coupling, with the input power of 1-5 mW (Fig. 1(c) ). The polarization was varied from TM to TE to check the SPP mode being switched on (TM) and off (TE). In our coupling approach, usually only the fundamental mode (noted as ss b 0 according to [3] ) is significantly excited due to its similar field distribution shape as the Gaussian-like input beams (in fiber or free space), and the other modes are excited with very low efficiency. An IR camera equipped with objectives was used to observe the plasmon mode in the far field, either from above the sample or from the side. Imaging with the camera enabled us to properly align the fiber with the waveguide. A single-mode output fiber attached to a power-meter was used to measure the losses. The attenuation of the plasmon propagating along the waveguide can be observed due to the radiative losses and image analysis provides an estimated propagation length. To measure the mode intensity distribution at the output facet the angle of observation is rotated by 90° with the help of a mirror as depicted in the schematics of our setup in Fig. 4(b) . The field distributions we observe have typical width in the 5-15 µm range. Given the numerical aperture NA = 0.35 of our long working distance objective, these field distributions are not expected to be significantly impacted by the point spread function of our imaging setup. Consequently the raw experimental intensity distribution can be confidently compared to the computed nearfield distributions [38] . Figure 4 The images give us the mode size in both longitudinal (along y axis) and transversal direction (along z axis) for both TE and TM polarization. Experimental and computed mode size values are reported in Table 2 and Table 3 . For Lightlink, simulations find only the ss b 0 fundamental mode for strip width smaller than 12.5 µm so that the cut-off width lies between 12.5 and 15µm. For MPM526A&B, the cut-off width is larger than 15 µm. We also remind that in our coupling scheme, higher order modes are coupled with lower efficiency than the fundamental mode and are not detected. For loss measurement a single-mode fiber is coupled at the output end of the waveguides in place of the objective and IR camera. We scanned each sample to measure average insertion loss values from at least 5 identical waveguides in each array. There are arrays for different strip widths (5, 7.5, 10, 12.5, 15 µm). Figure 5 reveals a typical TM/TE polarization extinction ratio of about 25 dB in the case of Lightlink polymer, which is pretty satisfactory. The same polarization ratios are obtained with the Momentive blends, within the error margin. The cut-back method allows us to deduce the propagation and coupling losses out of the data. The insertion losses of the TM plasmon mode are plotted in Fig. 6 for Momentive material and Fig. 7 for Lightlink material for varied waveguide widths. In both cases the propagation loss lies in the 0.3 to 1.2 dB/mm range and the coupling loss between 3 and 10 dB (for input + output facets) when normal wafer cleaving is used. The dip at about 10µm in the propagation length plot (Fig. 6(b) ) might be explained by the occurrence of additional modes above this threshold. In the case of Lightlink polymer the behavior is different with little loss variation in function of waveguide width (Fig. 7) . In comparison the performance of the FOWG plasmonic arcs fabricated was much poorer, with a propagation loss of ~32 dB/cm. We explain this by a symmetry break in the claddings index due to the presence of air gaps around the gold strip, as mentioned in section 4. The quick and easy cleaving method usually resulted in a variable coupling loss between 3 and 10 dB depending on the waveguide (Fig. 6) . To improve this, test wafers were cut with a dicing saw. As a result, the coupling loss was slightly decreased to the 3-6 dB range, thus not in a significant manner but with less variance (Fig. 7) . The differences in coupling loss observed between the two materials are attributed to the different cutting methods used in the two cases but not to materials.
Bending loss measurement of single cladding plasmonic arcs
We present the characterization results of the curved single-cladding plasmonic arcs fabricated with Lightlink material (n = 1.476). The plasmonic arcs are peeled off from the silicon wafer to measure the bending loss. Two experimental setups were used: firstly a single S-bend with fixed bending radius and secondly a double S-bend configuration where both ends of the samples were fixed to movable stages, with the middle part of the waveguide suspended in air. In the latter case different radii of curvature could be reached by decreasing the distance between the two stages. Both methods gave similar results: the bending loss of plasmonic arc with 7.5-µm-wide gold stripe is about 2.2-2.8 dB/90°, and the polarization ratio is 15-20 dB for a bending radius r of 2.5 mm. The double-bend and the corresponding loss plot are shown in Fig. 8 . After the LRSPP mode is excited by an SM fiber from one end, the maximum output intensity is obtained from the other end. The stage with the output end of the sample is moved towards the input end to bend the middle part of the waveguide. In this case, the fluctuation of the coupling efficiency in the input end is minimized. In order to obtain the bending radius value, we assume the bending part of the waveguide is composed of four identical parts of arc, with the same radius r and bending angle θ , as shown in Fig.   8(b) . The length of the bending part of the waveguide is l , and the decreased length d . The bending radius can be determined easily from the two equations 4r l θ = and 4 sin The total length of the flexible arc is 12 mm and l is 8 mm. By moving the two stages, the bending radius decreases from 16.3 to 2.2 mm. The measured bending loss and polarization ratio for the 7.5-µm-wide gold strip are shown in Fig. 8(c) . A high polarization ratio (from 25 to 16 dB) is maintained even when r decreases to 2.2 mm. The bending loss is slowly increasing when r drops from 16.3 to 5 mm (from 0.2 to 1.1 dB/90°), and then fast with further decreased bending radius (4 dB/90° at r = 2.2 mm). The bending loss and polarization ratio are 2.8 dB/90° and 20 dB at r = 2.5 mm, respectively, which are pretty close to the counterpart result (2.2 dB/90° and 15 dB) of S-bend configuration with the same radius. The slightly increasing bending loss indicates that the sample suffers little deterioration even after it has been curved in the S-bend configuration, demonstrating the flexibility and stability of the waveguide.
Bending loss measurement of double-cladding plasmonic arcs
Double-cladding plasmonic arcs show reduced bending loss compared to the single-cladding ones. The structure studied is illustrated in Fig. 9(a) . Two blends I and II were made from the provided MPM526A&B materials in different proportions to generate both inner and outer claddings with refractive indices of 1.468 and 1.458, respectively. The thicknesses of the inner and outer claddings are 4-6 and 10-20 μm, respectively. The electric field of the LRSPP mode is mainly confined in the inner cladding layers around the gold stripe, as shown in Fig.  9 (b), obtained by a finite-element numerical method. The insertion loss and polarization ratio of the straight plasmonic arc are measured both before and after separation from the substrate. The results in Table 4 show that the damage is avoided pretty well with a careful peeling process even though the gold underlayer is only 4 nm thick in this sample: the insertion loss of the 11-mm long arc has increased by 0-2 dB, and the polarization ratio is also still larger than 20 dB. Since the coupling loss is always 1-2 dB/facet, the propagation loss of the straight plasmonic arc is about 1.2-1.5 dB/mm, which is close to the values obtained in other plasmonic arc samples. Bending loss was measured in the varying bending radius configuration as in the previous section. When the incident light is TE polarized or the light is coupled to the polymer layers above or below the gold strip, the incident light will not be coupled into well-confined mode, only diffusing and dissipating into the polymer. The length of the cleaved sample is 11 mm, but the length of the bendable part of the flexible waveguide is between 5, 7 and 8 mm. Generally speaking, the performance of this double-cladding sample presented in Fig. 10 has much improved compared to that of the single-cladding one. The bending losses at r = 2.5 mm for 5-, 10-and 12-µm gold stripes are 1.5, 1.7 and 0.7 (and 1.2 for 12.5 µm B) dB/90°, compared to 2.2-2.8 dB/90° for the single cladding case. The bending loss increases much for bending radii smaller than 2 mm (3 mm for the case of 10 µm-wide strip). Similarly, the polarization ratio is maintained above 10 dB for bending radii larger than ~2 mm (Fig. 10(c) ). The observed fluctuations of the polarization ratio may relate to the instability of the polarization controller. Therefore, the low polarization ratio of the incident wave could lead to degraded performance of the plasmonic arc. The double-cladding structures therefore experiences very low bending loss when r>2 mm (<2 dB/90° at r = 2.5 mm), which is slightly better than the single-cladding one. We did additional tests to study the ability of the samples to recover their original state after bending. The free-standing plasmonic arcs were wrapped by 180° around some cylindrical pillars with radius between 0.5 and 3 mm. We observe that, even when the bending radius reaches 1.5 mm, the samples relax to their original state without residual damage. Only after the bending radius is smaller than 1.5 mm, some extra small cracks of the gold strip can be detected under optical microscope with the polymer still intact. The waveguides do not break even when the bending radius reaches 0.5 mm. The results demonstrate that plasmonic arcs have excellent flexibility and stability under bending circumstances.
Coupling of the plasmonic arc with single-mode ion-exchanged glass waveguides
We finally report on the optical coupling of the plasmonic arcs with single-mode glass waveguides, which can be used as optical printed circuit board (OPCB). This is the first step towards the commercial application of plasmonic arcs as interconnects. The fabrication process and performances of the glass waveguides have been described elsewhere [39, 40] . The glass waveguide samples used show very low propagation loss, below 0.015 dB/mm. The Measurement Identification Code of our interfacing experiment according to IEC 62496-2 standard was MIC 141-011-011-011-011. Using SM fibers and a 1.55 µm source, the insertion loss is 2.2 dB for a 31 mm long sample. The glass waveguides used were in an early production stage, thus showing varying propagation losses of 0.005-0.015 dB/mm and fiber coupling losses of 0.6-1.6 dB/facet. These measurements were performed by an additional cutback measurement.
The 31 mm long glass waveguide and input fiber were aligned first by observing the output mode on the IR camera placed in the axis of propagation. The FWHMs of the mode were measured to be 11.5 µm in both longitudinal and transversal directions. Then an 8 mm long plasmonic arc sample was aligned with the glass waveguide output by optimizing the output mode imaged at the ending facet. Finally the output fiber was aligned by optimizing the readout of a power-meter. While the standalone plasmonic arc and the glass waveguide feature an insertion loss of ~12 dB (+/−0.5 dB depending on strip width) and 2.2 dB respectively, the insertion losses measured for the glass plus plasmonic arc couple are ranging between 13-16 dB for TM polarization (see Table 5 ) and 35-37 dB in TE, depending on the plasmonic strip width W strip . It was also checked that the values were the same when the two samples were inverted with respect to the propagation direction. The plasmonic arc to glass waveguide coupling loss C Arc-OPCB was deduced by the following calculation where we define C fiber-Arc and C fiber-OPCB as the fiber coupling losses involved, P Arc and P OPCB as the propagation losses obtained from the cutback studies and L Arc and L OPCB the lengths of the samples. Equation (1) 
where L OPCB P OPCB = 0.015x31 dB and L arc = 8 mm. C fiber-OPCB is deduced from the insertion loss I OPCB = 2.2 dB of the standalone OPCB waveguide and P OPCB by the following equation:
The results are presented in Fig. 11 . We observe that the insertion loss tend to decrease as a function of W strip . The 10 µm width seems to be the optimum for the coupling at the interface between the two elements but 12.5 and 15µm are pretty close and the relatively small difference between the 3 values of W strip could be due to the local variations of the coupling loss C fiber-Arc linked with the quality of the cleaving. The noticeable decreasing trend between 5 and 10 µm is more important and is certainly due to increased mode size mismatch. The coupling loss of 1.7-2.3 dB/interface with the gold strip widths equal to or larger than 10 µm is decent performance for plasmonic arc interconnects. 
Conclusions
We selected materials MPM526A&B and LightLink as suitable polymer materials for flexible free-standing LRSPP waveguides (plasmonic arcs) with gold as the plasmonic metal. We have developed a fabrication method based on etching of gold and using a covalent surface modification of gold to promote adhesion to the polymer claddings, a necessary condition to assure good propagation length. Both materials gave plasmonic arcs with similar optical performances at 1.55 µm, with a propagation loss most often below 1 dB/mm in TM polarization and ~25 dB TM/TE polarization ratio in the straight configuration. The performances were slightly better for Momentive materials with a minimum of ~0.3 dB/mm for a gold strip width of 10 µm. The coupling losses reached about 1 dB/facet after dicing. In the free-standing S-curved configuration, the bending loss of single cladding plasmonic arc was 2.2-2.8 dB/90° at bending radius 2.5 mm. For double cladding plasmonic arcs, it decreased to 0.7-1.7 dB/90° for the same radius. The coupling loss with glass waveguide OPCB estimated to 1.7 dB in the best condition proved the potentiality of plasmonic arcs to act as single mode high-density on-board interconnects for data center, HPC or other applications.
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